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SUMMARY

An investigation was made to determine the spinning
characteristics of Clark Y monoplane winges wlth different
plan forms. A rectangular wing and a wing tapered 5:2,
both with rounded tips, were tested on the N.A.C.A. spin-
ning balance in the 5=foot vertical wind tunnsl,

The aerodynemic characteristics of the models and a
prediction of the angles of sideslip for steady spins are
given, Alsgso included is an estimate of the yawing momsend
that must be furnished by the parts of the airplane to
balance the inertia couples and wing yawing moment for
spinning equilibrium. The effects on the spin of changes
in plan form and of variations of some of the ilmportant
parcmeters are disgcusscd and the resulits are compared with
those for a rectangular wing with square tips. '

It is concluded that for a conventional monoplane
using Clark Y wings: The sideslip will be algebraically
larger for the wing with the rounded tip than for the wing
with the square tip and will be largest for the tapered
wing; the effect of plan form on the spin will vary with
the typs of airplanc; and the provision of a yawing-moment
coefficient of =0.025 (i.e., opposing the spin) by the
tail, fuselago, and interferencs effects will insure
against the attainment of eguilibrium in a stcady spin for
any of the plan forms tested and for any of the parameters
v.ged in the analysis. :

INTRODUCTION

In order to provide the nocessary asrodynamic data
for predicting airplanc spinning characteristics from tho
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degign featureg, the N,A.C.A. is conducting an extensive
invesgtigation to determine the aserodynamic characteristics
of alrplane models and parits of airplane models in spin-
ning attitudes.

The investigation to determine the gpinning charac-
terigstice of wings, in which the N.A.C.A. splinning balancse
was used, has included variations in airfeoil section, plan
form, and tip shape of monoplane wings and in stagger for
biplane cellules. The first series of tests, made of a
rectangular Clark Y monoplane wing with square tips, is
reported in roeference 1 and the second series, made of a

rectangular Clark Y biplane cellule, is reported in refer-

ence 23 the offects of changes in airfoil section and in
stagger are to be published later, Thege reports give
analyses of the. data for predicting the probable effects
on the steady spin of somo of the important parameters for
normal ailrplanes using such wing combinations.

This report gives the asrodynamic characteristics in
spinning attitudes of o rectangular end of.a 5:2 tapered
Clark Y monoplano wing with rounded tips. Data for the
ggunre~tip wing previously tosted aro included for -~om-
parisons The discussion of the data is based on the meth-
od of analysis gilven in reference 1,

APPARATUS AND MODELS

The tests wero made on the spinning balance in the
NoAhaCoA, B=fpoot vertical wind tunnel. The tunnel is de=
scribed in refsrence 3 and the 6—combonent—balance in
reference 4.

The Clark Y wings are made of laminated mahqggany and
are of aspect ratio 6. One wing is rectangular in plan
form; the other is tapered 5:2., Both wings have rounded
tipses For the rectangulsar wing the tip plan form is com=
posed of two quadrants of similar ellipses; for the fta—
porcd wing tho ordinates of the two guadrants of similar
ellinses have been expanded in proportion to the taper.
(The ellipses are bascd on a chord length which is the
root chord multiplied by the taper ratio.) The Clark Y
profile is maintained to the ends of the wings and the
maxinum upper—surface scction ordinates are in one plane.
This tip shape, as shawn in figures 1 and 2, has been dos=-
ignated the "Army" %ip, Figures 3 and 4 show the wings
mountced on the balance.
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TESTS

In order to cover thc probable spinning range, tests
were made &t 30°, 40°%, 50°, 60°, and 70° angle of attack.
At oacp angle of attack te sts woere made with gideslip an-
gles of 109, 59, 0°, =59, and -10°. At each angle of at—
tack o &and at each angle of sideslip B, tests wore
made with values of Qb/2V of 0.25, 0.50, 0.75, and 1.00.
The angles of attack and angles of sideslip wore measured.
in the plane of symmetry at the guarter-chord point of the
wing, which was also the center of rotation for all tests.
So that the results might be consistent, repeat tosts were
made for each condition until individusl balance readings
were found to agree within a specified limit or until a
sufficient number of readings had been made to give a fair
average. In each case an average of the individual meas-
urements was used to compute the coefficlents. T

The tunnel alr speed was 70 feet per second for tests
with 2

2v
%% = 0.75 and 1,00, respectively. The Reynolds Numbers of
the tests were about 210,000 for the highest air speed and
140,000 for the lowest air speed. Previous tests showed
no appreciable change in scale effocts for this range.

O0s25 and 0.50 and 60 and 45 feet per second for

RESULTS AND DISCUSSION

The data were converted to coefficient form by the
following relations:

X ¥ Z .

G = —— = C = ——
X7 gs v = 3 ' 27 .8

N ' - . = N

Gy = qbS : Cp = qbs ) Cn gbs

All coefficients are standard N.A.C.A. coefficients except
Cp. which is based on the span instead of the chord of
the wing, and it may be ‘converted to the standard_cocffln
cient by multiplying by 6. All coefficients are given
with the conventional signs for right spirs.

B P
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Tho values of the longitudinal-force coefficient Oyt
(earth axes) are plotted against angle of attack in figure
B3 sample curves of OCyxu against B and 0b/2V are given
in figure 6. Similar curves are given for Oz, Oy, Cp,
and G, in the body system of axes 1in figures 7 to 14,

The values of Oy and Oy are not given because they are
small and of no varticular importance. - '

The data given are believed to be correct to within
the followlng limits:

Cgu, =£0.02 GZ’ +£0.,02 - Cps +0.,002

CZ’ +£0,001 Oy » +£04001 -
No correctionsg have been made for the effects of the
jet boundary, scale, or interference of the balance.

, Corresponding curves for the three wings have the sams -
g§neral shape (figs. 5 to 14 and, reference 1, figs. 4 to
B)e

The values of Cxu (figs. 5 end 6) are slightly
largor for the wing with the rounded tip than they are for
the wing with the squaro tlp, the effect diminishing with
lncreasing angle of attack., . Tho of fect of taper is negli-
gible,

The absolute values of Cp (figs. 7 and 8) are slight-

ly larger for the wing with tho rounded tip than for the
wing with the square tip and are largest for the tapered
wings Thig offcecet is largest at the lower angles of attack
and becomeosnegliglible at the higher angles.

The values of the rolling-moment coefficient ©O; when
9b - 0,25. are about the same for all wings tested (figs.

9 and 10)s. A4s the value of Qb/2V 1is increased, the valw-
ues of Cj; are algebraically greater for the wing with

the rounded tip than for the w1ng with the square tip and
are largest for the tapered wing -

The values of tho pitching-moment coofficient - Op
are about the samc for the tapercd and roundecd-tip wings. i
The slope of the curves of pitching momont against angle -
of attack for the rectangular wing is more negative than
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that of the other two wings and this difference becomes
more pronounced as the wvalue of Qb/EV 1ncreases_(figs.
11 and 12 and reference 1, fig. 6).

The values of the yawing—moment coefficient Cp
(figs. 13 and 14) are small and are nearly the same for

all three wings. .

The fact that the curves for the rounded tip and ta-
pered wings are more roegular than thoge given for the rec-—
tangular wing in reference 1 is probably due more to the
groater accuracy of results, as explained in reference
4, than to plan-form effects.

ANALYSIS

The data were analyzed to showy the effects of some of
the important parameters on the spinning characteristics
of an airplane using similar wings. The method of analy~
sls wlth the assumptions used and the errors involveﬁ is
given in reference 1. As in referonces 1 and 2, values of
scele~offoct corrcctions of 0.02 for O and of 0,006 for

Chn have boen used in the amalysis.

Parsmoters.~ The characteristics of the particular
alrplane determine the values of wing loading, aspect ratio,
radii of gyration, and pitching moments. Values of those
variables, which were uscd in references 1 and 2, were also
used in this analysis for consistenecy of resulits, although
rresent airplanos are not all included within this rango.
The chosen moans of thosgo values gave the following paramew
tors:

Relative density of airplano to air (W/gpbS), u =5

Pitching~moment incrtia parameter,

a
b
a=80 )

ep® - ky
Rolling~ and yawing-momert inertia parameter,

a 2
kg = By _ 1,0
EnS = Iot

zZ T %X



8 NeA.C.A. Tochnical Note No, 612

. -.Cm
Slopec of pltching~momont curve, f-ffgav = 0,0020
a, -~y

Lift coofficient, CL = GX"

Zach of the paramotvrs was varied, one at a time, _
while all of the others wore kept at the mean volues, oxw-
cept Cp, which was set ogqual to Cygn for all cases.

The valuos of the parameters used are:

b= 2'5, 5:0, '7|5, a.nd. l0.0.

2 ..
b
——g———gz = 60, 80, 100, and 120

2 a2
kZ - kX

.28 _ 2
_Z_ﬁ—WEI_ = 0.5, 1,0, 1.5, and 2.0.

3 a
=0y ~
~~~~~~ —— = 0.0010, 0.0015, 0.0020, 0.0025,
@ = 20 and 0.0030. e

The variations in p include the range for airplanes

that are normally spun. -
b® (kg2 = ky?®)
The values of ——3 g~ and —5 % cover
(kg - kx ) (kg™ =~ ky )
the range for 11 airplances given in reference 5. These
a
Wb (C - B)
araneters may be written as —— and ————= T o=
P 7 (0 - &) (c = 1)’
spectively, where . o S . : R
A = mkxa, the moment of inertia about the X axis.
B = kaa, the moment of insertia about the Y axis.
¢ = mky®, the momeunt of inertia about the Z axis.

Digcussion of rasultg of anslysis.~ The angleg of
sideslip at which the pitching and rolling moments balance
in the s»nin and the yawing moment—that must be furnished
by the other parts of the airplane %o balance the inertia
couples and the wing yawing moments are plotted against the
paraneters in figures 15 to 22, OCorresponding figures for

Lol
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the wing with square tips are given in reference 1 (figs.
19" to 28)s Negative values of 0O, required show the
amount of yawing moment that must be supplied to balance
the resultant alding moment given by the wings and the in-
ertia couples. It is obvious that in order to insure
against a dangerous spin aw additional opposing moment
must be supplicd as a margin of safety.

Increasing =Op/(a = 20°), that is, increasing the
diving moment at any asngle of attack, algebralcally de-
creases the sideslip B. (See fig. 15.) Generally B in-
creases algebraically and the slope of the curves becomes
less as the win§ tlps are rounded and the plan form tapered.
Tneracaine - fw . 5Nn0N T3 plhdtTer Smarpmanc +ha vawine
edbisdl DCLiDllE, Vm[ W = =\ Vi ﬁ-l-&B-LL U-I-J Y J-J-LD-L LSO UD LIl J Wil
moment alding the spin (makes Cn required more negative
in a right spin), (See fig. 16.,) A comparison of the val=
ues of 0, required by the different plan forms shows
that the plan~form effects are dependent upon the angle of
attacks, At 30° angle of attack the values for all wings
are about the sams. At 40°% the values of C, required are
about the same.for the rounded tip and tapered wings (fige
16) while the values for the rectangular wing are mors neg-
ative (reference 1, fig. 24). At angles of attack of 50°
and above, and especially for 70°, the values of 0, rTe-

quired are least negative for the square-~tip wing.

Increasing the pitching-moment inertia parameter is _
equivalent to moving weights in the fuselage and wings to-
ward the center of gravity =o as to decrease A, B, and O
while keeplng A and B equal. Variations in this param-.
eter give approximately the same changes in sidesllp and
yawing moment required as wvaristionsg in G /(a - 20°).

(See figs. 17 and 18.)

Increasing the rolling-~ and yawing- moment inertis pa-—

kp® - ky® :
rameter, ( Zz Ya meansg moving the weighte in the
(kg = kg

wing away from the center of gravity. As this parameter
increases, the sideslip for the rounded-tip and tapered
wings decreases algebraically (fig. 19); whereas, for the
square-tip wing, the sidesllp decreases at 30 and 40° an-~
gle of attack but increases at and above 50° (reference 1,
fig. 23)e At the higher angles of attack the slopes of
these curves for the square-~tip wing are of different sign
than for the rounded-tip wing and the slopes are most neg-

ative for the tapered wing. The yawing moment required =
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(kp° =~ ky®)
(ky® = kg®)
(fige 20) except for the square—tip wing at 50°, 60°, and
70° angle of attack (reference 1, fig. 28).

ig increased

decreases algedbraically as

Increasing the relative density 4 generally ln-
creases the sideslip (fig. 21)., The slope of the curves
is less for the rounded-tip wing. (fig. 21(a)) than it is
for the square-tip wing (reference 1, fig. 20) and it is
least for the tapered wing (fig._Zl(b)), Increasing
generally algebraically increases the Cpn required (fig.
22)s Rounding the wing tips and tapering the wing gen-—
erally algebraically decreases the C,. required.

Probable effects of scale and of interference on the
rosults of the analysis.- The effecte of interference and
a more extengive study of the effects of scale are report-
ed in reference 4. The effect of scale .on Gl was found
to be about the same as that used in reference 1 and the
interference offects on GL due to testing the wing alone
were snall,

The scale effoct on Cp of the complete model was
found to vary with sideslip. Below a value of 59 inward
sidoslip, however, the varigtion with B is small, the
average value of the difference caused by scale effect be~
ing 0.006. The values of .0, for the airplane wing werse
computed from results of tests made-with the alrplane in
flight. These values were compared with those of the
model wings tessted alone and a difference of 0,013 was in-
dicated. Since the airplane wing was on the airplans when
the measurements were made and the model wings were tested
alone, the value of 0,013 is a combination of scale and
interference effects. The interfaerence effects are large
but correoctions are impossible because of lack of data.
Any correction made %to 0p required moves all tho curves
of ©Cp required up or down on the scale without much
change in their relstive positions. Therefore, the com-
parlsons between the three plan forms of wings given in
this roport would not be avpreciably affected by using an-
other correction for 'Cn.

Prediction of spinning characteristice of an agirplane
from the analygis.~ The spinning characteristics of an
airplane using any of the three wings will be largely de-
pendent upon the aerodynamic yawing-moment characterigtics
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of the particular airplane: The aerodynamic yawing moments
for a particular airplane depend upon: theée size and shape
of the fuselage and tail surfaces; the location of the hor-
izontal tail surfaces with respect to the fuselage,_xln,
and rudder; the amount of fin ares ahead of the conter of
gravity: the interference effects betwoen the wings and the
rest of the airplane; and the limits of control movements,
Data on some of these effects are reported in reference 4
and in references 6 to 14.

The geometry of the spin indicates that the vertical
tail surfaces should become more effective in producing a
vawlng moment opposing the spin as the rate of rotation
increases and the outward sideslip becomes larger. JAnother
factor in the effescts of sideslip on the yawlng moment in
the spin is the static stability of the airplane in yaw in
the attitude in question. (See reference 13.) If the air-
plane is statically stable, outward sideslip will give an
increment of yawing moment opposing the spin and, 1f it is
statically unstable, inward sideslip will give an Incre- -
ment of yawing moment opposing the spin. In other words,
if inward sideslip is necessary for spinning equilibrium,
congiderable fin area sacad of the center of gravity reduces
the likellhood of attaining a dangerous spine.

If the effects of sideslip on the yawing moment re—
guired are neglected an airplene with the tapered wing
will, except at 30° angle of attack, have the smallest
vawing moment aiding the spin when the weight 1s concen-=
trated in the fuselage. When there are heavy weights in’
the wings, the rectanguiar wing will usually give the gmalle~
est alding moment. A%t 700 angle of attack the square-—tip
wing will generally give smaller yawing moments aiding the
gpin than either ths rounded-tip or tapered wing; i.e., ah
airplene with a Clark Y gsquare—=tip wing will be less Tikely
to spin flat, above 60° angle of attack, than one with a
rounded-tip or tapered wing. There is an exception when

a 2
(kZ Lo IZY )

2 2
(kg™ = kg™)
likely %o give a flat spin,

< 0.7, the tapered wing thon belng the least

The offect of sideslip maekes necessary a study to
determine a favorable combination of variables for a given
alrplane because, if the design does not allow for favora-
ble combinations, a dangerously spinnlng airpfane isg lia—’
ble to be the result. Sideslip usually gives counteract-
ing effects on the yawing moments of the various parts of
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the airplane, the net effect determining the possibilisy
of attaining spinning equilibrium, If allowance 1ls made
for the effects of sideslip, the results indlcate that—the
parameters which would tond to make attainment of equillb-
rium in a steady spin more difficult are:

Tapersd wing:

Weights concentrated in the fusslage

- 8
(kg < 2)

Small diving moments (center of gravity well
beck, small elevator and stgbilizer, and large
elevator-up deflectionsg),

Low wing loadings and high asgpect ratio

snall valu Ff o= e————
< alues o oSb

Square~tip wing:

Weights distributed slong the wings

LT
(kg? = kx®)

Small_fin area ahead of the center of gravity
(Large static stability).

Large diving moments (center of gravity well
forward, large elevator and stsbilizer, and small
elevator-up deflection). :

High wing loadings and low aspect ratio (large
~

v
values of = EE—S'.B'

Rounded~tip wing:

The parameters for which thie wlng would be
best eare uvually between the square—tlp wlng and
the tapered wing.
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CONCLUSIONS

If it 1s assumed that the added corrections to the
rolling~ and yawing-moment coefficients are of the right
order of magnitude, the following conclusions are indicat=
ed by the analysis presented for a conventlional monoplane

with & Clark Y wing.

ls The value of the yawing~moment coefficient re-
guired from the fuselage, tail, and interference effects
for steady spinning equilibrium is small and nearly always
negative (opposing the spin) throughout the angle-of-attack
range investigated. It appears that the spinning attitude
of the airplane will depend mostly upon details of sEape,"__
size, and arrongement of fuselage and tall, '

2. The maximum yawing-moment coefficient that must
be supplied by parts of the alrplane other than the wings
to insure against attalnment of equilibrium in a steady
spin is ~0,025 (opposing the rotation).

3« The sideslip will be algebraically larger (less
outward) for the wing with the rounded tip than for the
wing with the square tip, and it will be the largest for
the tapered wing.

4, The only general superiority of ons blan form
over another of those tesgsted 'ils in the cass of welght dis-
tributions The plan form least likely to result in spine
ning equilidbrium is the tapered wing, if the weight of the

(kZ.B - kYa) < 1).
(kg? =~ kg®)

and the rectangular wing with the ggquare tip, 1f the weight
is distributed along the wings.

airplane is concentrated in the fuselage (

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Acronautics,
Langley Field, Va., July 30, 1937.
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Flgure 1.~ The rectangular Clark Y wing with rounded tips.
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Figure 2.~ The 5:2 tapered Clark Y wing with rounded tips.
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Figure 3.- The rectangular Olark Y wing with rounded tlps
mounted on the spinning balance.
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Figure 4.~ The 5:3 tapered Clark Y wing with rounded tips
mounted on the spinning balance.
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